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(54) Humidifiers for inhalers 

(57) The apparatus incorporates a 
temperature control arrangement by 
which air drawn through the apparatus 
is supplied in a heated, moist condition 
at or close to a critical temperature of 
43°C. 

The apparatus comprises a water 
chamber 6, heating means 1 1 forth e 
water, means (preferably a fan 4) for 
drawing air over the water to an outlet 8, 
a face mask 1 5 for the outlet, and a 
temperature sensor 13 within the outlet 
adapted to control either the heating 
means and hence the water 
temperature, orthe speed at which the 
air is drawn over the water, or both, to 
maintain the air at or close to a required 
elevated temperature. 

Preferably, the apparatus Is 
designed to deliver air to the face mask 
1 5 in a volume substantially greater than 
that required for breathing, and the face 
mask covers the nose and mouth of the 
user and is formed with vents 23 
through which excess air together with 
air exhaled by the user can pass to 
atmosphere. 



FIG.1 




-f- 



12 

flap L 



JlSL 




/ 



9 



4 



-10 



11 



2192136 




f 



2192136 




2192136 



FIG. 3 




2192136 




: 



2192135 




6/6 

FIG 6 




1 



GB 2 192 136 A 



1 



SPECIFICATION 

Medical breathing apparatus 

5 This invention relates to breathing apparatus for 
medical purposes. 

It has been found that humid air at around 90% re- 
lative humidity and a critical temperature of 43°C, 
when breathed by a patient for periods up to around 

10 20 minutes, is effective in rendering groups of vir- 
uses in the upper respiratory tract inactive, which re- 
sults in the body being able to counteract colds, aller- 
gies, etc efficiently, and thereby reduce dramatically 
the patient's recovery time. 

15 Although breathing apparatus has been proposed 
for such treatment, the arrangement of the appar- 
atus, particularly the temperature control, has not 
been well designed. Hence, the temperature of the 
heated, moist air has varied widely from the critical 

20 temperature, thereby reducing the effectiveness of 
the apparatus. 

An object of the invention is to provide breathing 
apparatus incorporating an efficient temperature 
control arrangement by which air drawn through the 

25 apparatus is supplied to the user- in a heated, moist 
condition at or close to the critical temperature. 

According to this invention such breathing appar- 
atus is characterised by a water chamber, heating 
means for the water, means for drawing air over the 

30 water to an outlet, a face mask for the outlet, and 
temperature sensor means located at or adjacent 
said outlet adapted to control either the heating 
means and hence the water temperature, or the 
speed at which the air is drawn over the water, or 

35 both, to maintain the air ator close to a required el- 
evated temperature. 

Preferably, the apparatus is designed to del iver air 
to the face mask in a volume substantially greater 
than that required for breathing, and the face mask is 

40 formed with vents through which excess air together 
with air exha led by the user can pass to atmosphere. 

Preferably the means for drawing air Is a fan driven 
by an electric motor, which may be powered by the 
mains or a battery. 

45 Conveniently, the heating means is either an elec- 
trical resistance, or positive temperature cO -efficient 
(PTC) elements and is controlled by the temperature 
sensor, and temperature adjustment is effected via 
an electrical control circuit e.g. a solid state circuit, 

50 designed to regulate the power supplied to said heat- 
ing means and/orto the fan motor. 

In order that the invention may be readily under- 
stood, four embodiments of breathing apparatus in 
accordance therewith will now be described, with re- 

55 ference to the accompanying drawings in which :- 
Figures 1 and 2 are harf-sectfonal views of the first 
and second embodiments, respectively, 

Figure3 is an exploded perspective view of the 
third embodiment, 

60 Figure 4\sa part actional rear view showing the 
interior of th third embodiment, 

FigureSX a part sectional side vi wofthethird 
embodiment and 
Figure 6 is a part sectional sid viewofth fourth 

55 embodiment 



Referring to Figure 1 , in this embodiment the 
apparatus is free-standing and compris s a re- 
ctangular housing 1 which may be moulded from 
plastics material, eg ABS. The housing has an air 

70 Inlet opening 2 leading to an inlet chamber 3 in which 
a fan 4 driven by a motor 5 is located, a water 
chamber 6 in the lower part of the housing, and a 
mixing chamber 7 leading to an outlet 8 which is pre- 
ferably a flexible pipe to which a face mask 1 5 can be 

75 removably fitted. 

The water chamber 6 is fil led with water via a ft Her 
9 and has an associated sight glass 10 to indicate the 
level of watertherein. An electric resistance heating 
element 11 is located within the water chamber 6 and 

80 power is fed thereto from the mains or a battery, in a 
regulated manner, via an electric control circuit e.g. 
a solid-state printed circuit 12, in response to a tem- 
perature sensor probe 13 located inthe outlet 8. The 
mixing chamber 7 is insulated, in this embodiment 

85 by a surrounding sealed cavity wall 14 which prov- 
ides an air pocket so that the temperature in the mix- 
ing chamber is substantially unaffected by external 
changes in temperature. 

In use, ambient air is drawn into the inlet cham ber 

90 via the fan 4 and is guided downwardly towards the 
water surface, where it passes along said surface to 
abstract heat and water droplets therefrom, thereby 
to heat and humidify the air. The heated, humid air 
then flows upwardly to collect in the mixing chamber 

95 7 from where it is supplied, in use, to the face mask 
15. 

The temperature and, if required, the humidity of 
the air passing through the outlet 8 is sensed by an 
appropriate device, such as the temperature probe 

1 00 13, and rf the air is found to be outside a required 
range, e.g. a temperature range between 40 -45°C, it 
initiates the control circuit 12to regulate the power 
supplied to the heating element 1 1 and, if desired, to 
the fan motor 5 so as to adjust appropriately the tern- 

105 perature of the water and possibly the air flow speed. 
For electrical safety, and prevention of corrosion, 
the fan motor 5 is preferably encapsulated and oper- 
ates at a low DC voltage. The circuit board 1 2 is also 
encapsulated for safety and reliability of operation In 

110 humid conditions. For additional safety, the appar- 
atus can be powered from an external A.C. or D.C. 
voltage supply using a double Isolation transformer. 

As mentioned hereinbefore, it is preferable to limit 
use of the apparatus to periods u p to approximately 

115 20 mins, for which a n appropriate timing/alarm 
mechanism could conveniently be built into the 
apparatus. 

Referring to Figure 2, the second embodiment 
shown therein is also free standing and like parts 
120 have been given the same reference numerals. 

In this embodiment the housing 1 is in three parts, 
preferably moulded from a plastics material such as 
ABS, and comprises a one part base 1 6, which incor- 
porates the water chamber 6, and a two part cover 
125 17, 18. The lower cover part 17 has a shap d wall 19 
which carries most of the associated equipment in- 
cluding the fan 4 and motor 5 f the heating lement 
11 , and circuit board 12. 
The motor 5 is mou nted on a sloping part of the 
1 30 wall 19 immediately beneath the inlet opening 2, 
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which is form d in thetop cover part 18. The fen 4 is 
coupled to the motor beneath th wall 1 9 and draws 
air through op nings in said wall and directs ft across 
the su rf ace of the water In chamber 6 to wards the 
5 outlet 8 f which is formed in the lower cover part 17. 
The heating element 11 Inthisembodimentisof 
the electric resistance type and has an aluminium 
shell which is encased within a coating of PTFEto 
prevent oxidation of the casing and to facilitate 
10 cleaning. The element is located vertically beneath 
the wall 19 and is mounted at its upper end within a 
boss 20formed in said wall with its terminal above 
the latter. 

The circu it board 1 2, wh ich is preferably en- 

15 capsulatedforsafetyand reliability of operation, is 
mounted directly above the heating element20 and 
is appropriately connected to the associated equip- 
ment including the temperature sensor 13 located 
within the outlet 8. The apparatus can be conveni- 

20 entiy sited on a worktop, or floor, and the height of 
theface mask 15, which is designed to fit over the 
nose and mouth of the user, can be adjusted by one, 

r more, or even a telescopic extension tube 21, 
which is connected to the face mask via a ball joint 22 

25 so that the m ask can be pivoted and/or rotated to a 
comfortable position forthe user. 

It will be noted that the arrangement of the equip- 
ment, and in particularthe heating element, is such 
that all electrical connections are well above the fill 

30 level of the chamber 6, and indeed are separated 
therefrom by the wall 19, thereby enhancing safety. 

A pair of supports are provided in the base part 1 6, 
one (not shown) in front of, and one 23 to the rear of, 
the heating element 1 1 as seen in the drawing. These 

35 supports ensure thatthe lower part of the heating 
element 1 1 is not da maged when the cover part 1 7 is 
removed and laid upon a work surface for cleaning 
or service. Conveniently, at Jeastone of the supports 
incorporates a water probe over its height which, by 

40 means of an electrical connection via the circuit 
b ard 12, indicatesthe level of water in the chamber 
6. 

It will be noted thatthe two part cover 17, 18 can be 
lifted clear of the base part 1 6 to provide ready access 

45 to the chamberGforfilling, whilst access to the 
associated equipment for repair of servicing is ob- 
tained by removing the top cover part 18. 

The apparatus is designed to produce an airspeed 
of a pproximately 5 metres/sec across the water sur- 

50 face, and to retain the critical temperature of the air, 
the water is maintained substantially constant at an 
appropriate temperature depending upon thefill 
volume and ambient conditions, eg between 65 to 
75°C. Thus, moist air is produced at or close to the 

55 critical temperature of 43°C, which is delivered at a 
pressure above atmospheric to the face mask (1 5), in 
a volume of approximately 40 litres/min. This 
volume is, of course, far in excess of that required by 
the user and, hence, vents 22 a re provided in the 

60 mask so that the excess air, together with the air ex- 
haled by the user,can vent to etmospher .This is 
important since, wh n alrat43°C is inhaled it is 
cooled substantially, perhaps to around 37°C, due to 
vascular cooling in the bronchii. This reduced tern- 

65 perature,wh n exhaled, could oth rwise affect the 



constancy of the temperature of the h ated, moistair 
being produced by the apparatus. It will be apprecia- 
ted that, by providing a mask 15 which covers the 
nose and mouth, the heated, moist air not inhaled 
70 and venting to atmosphere nevertheless acts to 
warm the outside of the nose and mouth and, there- 
fore, ensures the minimum of heat dissipation 
around this area. 
Referring to Figures 3to 5 the third embodiment is 
75 portable and like parts are again given the same re- 
ference numerals. 

In this embodiment the housing is in two parts 
comprising a base 24 and a cover 25. 
The base 24 incorporates the water chamber 6, and 
80 most of the associated equipmentincluding thefan4 
which is inclined to direct a irtowards the chamber6, 
motor 5, heating element 11, and circuit board 1 2. 
The cover25 incorporates a baffle wall 26 to guide air 
from the fan towards and over the water surface in 
85 the chamber 6 into the mixing area 7 and outlet 8 to 
theface mask 15. 

As shown in Figures 3 to 5, the apparatus is prov- 
ided with a wedge shaped front wall to provide st- 
ability when placed uprighton a worktop. In this pos- 
90 ition, the user would tend to press his mouth and 
nose down into the face mask 15 as shown in dashed 
outline "x" in Figures. However,in most cases, the 
user would probably press the face mask manually 
against his nose and mouth and perhaps strap it in 
95 place. For this, it would be more comfortable for the 
user to adopt the position shown in dotted outline 
"y To caterfor these different user positions, the 
face mask 1 5 is pfvotally mounted to the top of the 
cover 25 so that it can rotate from the position shown 
100 in solid lines in Figure 5 to the position shown chain 
dotted. 

Referring again to Figure 4, in more detail, the 
heating element 11 comprises a number of positive 
temperature co-efficient (PTC) elements 27 spaced 

105 across the bottom wall of the chamber 6 which are 
regulated to operate at a working temperature which 
will maintain the water at an appropriate tem- 
perature, eg approximately 80°C, depending upon 
the normal fill volume of water used in the chamber 6 

110 and ambient conditions. The fill level line u z" forthe 
apparatus Is controlled by an overflow pipe 28 which 
can drain into the sealed air space provided around 
the chamber 6for insulation. This water can be sub- 
sequently removed via a drain plug 28a.Because of 

1 1 5 the relatively high temperature required forthe heat- 
ing element, safety Is extremely important, and PTC 
elements are especially advantageous since they are 
inherently safe against overheating. However, if a 
conventional electrical resistance element such as 

120 described forthe first and second embodiments is 
used, a thermal cut-out would be included inthe 
heating elementto prevent overheating. In either 
case a thermal cut-out could be us d in the circuit 
board 12 for additional safety. 

125 Th circuit board 12 is solid state and preferably 
encapsulated for reliability of operation. It would be 
desfgnedtoinclud the following control f atures:- 
a) a water level sensing circuit including water 
sensing probes 29, 

130 b) a temperature control sub-circuit for con- 
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trolling the temperature of the heating element 1 1 , 
and hence the water temperature, in dependence 
upon the water level sensed, and/or for adjusting the 
fan spe d, and hence the airflow over the water sur- 
5 face. This control circuit is preferably in the form of a 
proportional band, zero voltage switch for providing 
pulsed or continuous voltage to the heating element 
so as to provide accurate control and to reduce the 
possibility of electrical interference in use. 

10 c) a comparator sub^cuitforcomparingthe 
output resistance from the sensor 1 3, which is prefer- 
ably a thermistor with a basic pre-set value, this sub- 
circuit being connected to the temperature control 
sub-circuit for providing a correcting signal for finely 

1 5 adjusting the water temperature, or fan speed. 

d) a mercury tilt switch connected so as to cut-off 
power to the heating element 1 1 if the apparatus 
moves beyond a predetermined angle from its up- 
right position so as to ensure electrical safety. 

20 To reduce to a minimum the possibility of scalding 
the user should the apparatus fall over, an anti-spill 
cover 30 (see Figure 3) is provided for the water 
chamber 6 having sloping front and rear side walls 
31 , 32 to act as a dam to retain the water. 

25 Referring to Figure 6 r this embodiment is also of a 
convenient desig n to be portable. It comprises an el- 
ongate tubular housing 1 which, in use, is orientated 
to be generally upright. The housing comprises an 
upper end portion 33 and alower end portion 34of 

30 smaller dimensions, enabling it to be conveniently 
held by the hands of the user. The motor 5 is suppor- 
ted centrally within the portion 34, to leave an air 
passage around it (as shown), above the air inlet op- 
ening 2, which is defined by the bottom of the casing 

35 1 .Thef an 4 is mounted above the motor near the 
junction between the portions 33 and 34. The water 
chamber 6 is supported centrally within the portion 
33 to leave an air passage around it (as shown), the 
water chamber having a suitable heating element 1 1 

40 associated therewith. A face mask 1 5 is mounted on 
the top of the portion 33, which would be generally 
as described above with reference to the third emb- 
odiment, and the temperatu re sensor 1 3 is app- 
ropriately located therein. The circuit board 17 is 

45 mounted in a convenient position, e.g. as shown. 
In use, as shown by the arrows, air is drawn up- 
wardly through the opening 2 and through the air 
passages around the motor 5 and tank 6, whereafter 
it is deflected by sloping walls 34 defi ning the face 
50 mask 1 5 across the water in the tank 6 and then u p- 
wardly through an outlet B to pass into and through 
the face mask. As described in respect of the forego- 
ing embodiments, the heated, moist air delivered to 
the face mask 1 5 is in a volume fa r greater than body 
55 requirements and the excess air would be vented to 
atmosphere. 

CLAIMS 

60 1. Breathing apparatus incorporating a tem- 
perature control arrangement by which air drawn 
through the apparatus is supplied in a heated moist 
condition, characterised fjy a water chamber, heat- 
ing m ans for the water, means for drawing air over 

65 the water to an outlet, aface maskforthe outlet and 



temp ratur s nsor means located at or adjacent 
said outlet adapted to control either the heating 
means and hence the water temperatu re, or the 
spe d at which the air is drawn over the wat r,or 
70 both, to maintain the air at or close to a required el- 
evated temperature. 

2. Breathing apparatus according to Claim 1 , 
characterised in that said apparatus is designed to 
deliver air to the face mask in a volume substantially 

75 greater than that required for breathing, and In that 
the face maskis formed with vents through which 
excess altogether with air exhaled bytheusercan 
pass to atmosphere. 

3. Breathing apparatus according to Claim 1 or 2, 
80 characterised in that the means for drawing airover 

the water delivers said air to the outlet at a pressure 
above atmospheric. 

4. Breathing apparatus according to any one of 
Clai ms 1 to 3, characterised in that the face mask is 

85 designed to cover the nose and mouth of the user. 

5. Breathing apparatus according to any one of 
Claims 1 to 4, characterised in that the means for 
drawing air is a fan driven by an electric motor. 

6. Breathing apparatus according to any one of 
90 Claims 1 to 5, characterised in that the heating means 

is either an electrical resistance, or positive tem- 
peratu re co-efficient (PTC) elements, in that the heat- 
ing element is controlled bythe temperature sensor, 
and in that temperatu re adjustment is effected via an 
95 electrical control circuit, designed to regulate the 
power supplied to said heating means and or to the 
fan motor. 

7. Breathing apparatus according to Claim 6, 
characterised in thatthe electrical control circuit in- 

1 00 eludes a temperature control sub-circuit for con- 
trolling the temperatu re of the heating element in de- 
pendence upon the water level sensed, and/or for 
adjusting thefan speed, and a comparator sub- 
circuit for comparing the output from the tem- 

105 perature sensor with a pre-set valve and providing a 
correcting signal to the tern perature control sub- 
circuit for finely adjusting the water tern perature, of 
fan speed. 

8. Breathing apparatus according to any one of 
110 C\ a imsl to 7, and which is designed to be portable, 

characterised in that the face mask is pivotally moun- 
ted to the outlet to enable the user to tilt the mask in 
relation to the body of the apparatus into a comfort- 
able position. 

115 9. Breathing apparatus according to any one of 
Claims 1 or 8, and which is designed to be portable, 
characterised in that the water chamber is provided 
with an anti-spill cover having sloping walls which 
act as a dam to prevent egress of water should the 

120 apparatus fall over. 

1 0. Breathing apparatus according to Claim 9 
characterised in that theelectrical circuit includesa 
tilt switch connected to cut-off power to said heating 
element if the apparatus moves beyond a pred- 

125 termined anglefrom its upright position. 

1 1 . Breathing apparatus according to any one of 
Claims 1 to 5, characterised in thatthe housing Is of 
elongate tubular form and is intended to be used In a 
generally upright condition witn the air inlet opening 

130 at the bottom and the face mask at the top of the 
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housing. In that the motor, fan and water tank are 
located at spaced positions within the housing to 
leave air passages through the housing, and In that 
airis drawn through the length of the housing and 
5 deflected overthe water in the water tank before pas- 
sing through an outlet into the face mask. 

1 2. Breathing apparatus constructed, arranged 
and adapted for use substantially as hereinbefore 
described with reference to, and as shown in, Figure 
10 1 , 2, 3 to 5 or 6 of the accom panying d rawings. 
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